Echovirus 7, 13 and 19 are part of the diseases-causing enteroviruses identified in Nigeria. Presently, no treatment modality is clinically available against these enteric viruses. Herein, we investigated the ability of two anthraquinones (physcion and chrysophanol) and two lupane triterpenoids (betulinic acid and lupeol), isolated from the stem bark of Senna siamea, to reduce the viral-induced cytopathic effect on rhabdomyosarcoma cells using MTT (3-[4,5-dimethylthiazol-2-yl]-2,5diphenyltetrazolium bromide) colorimetric method. Viral-induced CPE by E7 and E19 was inhibited in the presence of all tested compounds, E13 was resistant to all the compounds except betulinic acid. Physcion was the most active with IC 50 of 0.42 and 0.33 μg/mL on E7 and E19, respectively. We concluded that these compounds from Senna siamea possess anti-enteroviral activities and betulinic acid may represent a potential therapeutic agent to control E7, E13, and E19 infections, especially due its ability to inhibit CPE caused by the impervious E13.
INTRODUCTION
Echoviruses are members of Species B within the genus Enterovirus, family Picornaviridae, order Picornavirales. Within the genus are 15 Species (Enterovirus [EV] A -L and Rhinovirus A -C). The Polioviruses (PVs) are the best studied members of the genus and belong to EV-C. Enteroviruses are naked viruses with icosahedral symmetry and a diameter of 28-30nM . Within the virion is an approximately 7.5kb, positive-sense, single-stranded RNA genome. The genome encodes one large (>2,000 amino acid [Aa] ) open reading frame (ORF) and sometimes, a recently described 1 small ORF (67Aa) that overlaps the large ORF and is involved in facilitating gut infection. The large ORF is translated into a polyprotein that is auto-catalytically cleaved into 11 proteins (four structural and seven non-structural proteins). The structural and nonstructural proteins are encoded in the 5' and 3'-ends of the ORF (and consequently, the genome), respectively.
Enteroviruses are associated with over a dozen clinical manifestation 2 ,one of which is Acute flaccid Paralysis (AFP), the clinical presentation of poliomyelitis 3 . In Nigeria alone, over 10,000 suspected AFP cases are recorded annually 4 . This gives a sense of the clinical significance of EV infections globally. Many members of the genus have more than one clinical presentation 2 . Though vaccines exist for the PVs and EV-A71, neither vaccines nor chemotherapeutic agents exist for the control of other non-polio enteroviruses (NPEV) despite their association with different clinical presentations [5] [6] [7] [8] . This therefore highlights the significance of antiviral drug development for EVs 9 .
Natural products, either in form of pure compounds or standardized plant extracts, continue to provide rich and boundless source for the discovery and development of novel drug leads. The protective role of plant derived natural compounds against viral infection has been suggested by several studies [10] [11] [12] [13] . Anthraquinones which are a class of naturally occurring and functionally diverse aromatic organic compounds, and are structurally related to or derived from anthracene have displayed well-known biological effects 14 . The antiviral activities of some anthraquinones such as physcion (a), chrysophanol (b) (figure 1), emodin, rhein, aloe-emodin, and chrysophanic acid against a range of viruses are well documented [15] [16] [17] [18] . They inactivated enveloped virus or inhibit replication of un-enveloped virus such as EV-A71 in vitro 14, 19 .
Lupane triterpenoids such as Betulinic acid (c) and Lupeol (d) (figure 1) have in the last two decades become of pharmacological interest when the anti-HIV and antineoplastic activities of betulinic acid was revealed 20 . The ability of betulinic acid to inhibit the replication of HIV and herpes simplex virus 1 (HSV-1) has been documented 21, 22 . The anti-HIV protease activity and significant inhibition of HSV by lupeol has also been reported 23 .
Our previous work 24 detailed the anti-poliovirus activities of two antraquinones (physcion and chrysophanol) (IC 50 values of 1.568 and 0.4571 μg/mL respectively), and two triterpenoids (lupeol and betulinic acid) (IC 50 = 0.14 μg/ mL). In continual pursuit of lead compounds that possess significant antiviral activity against EVs, this work therefore attempts to explore the anti-EV activities of two anthraquinones (physcion and chrysophanol) and two triterpenoids (lupeol and betulinic acid) isolated from Senna siamea against three (E7, E13, and E19) Echovirus types using cell-based antiviral assay. 
METHODOLOGY

Compounds isolation
The details of isolation of the anthraquinones (physcion and chrysophanol) and the triterpenoids (lupeol and betulinic acid) from the stem bark of Senna siamea, and the spectroscopic methods employed for their structural elucidation have been previously described 24 .
Viruses and Cells
The three serotypes of Echovirus (E7, E13, and E19) used in this study were obtained from faeces of children with acute flaccid paralysis (AFP) in Nigeria 4 . The isolates were provided by the Enterovirus Study Group (ESG), Department of Virology, University of Ibadan, Nigeria. Until use, all viruses were stored at − 80 °C.
The antiviral and cytotoxic properties were measured in human rhabdomyosarcoma (RD) cells. The cell line was provided by the WHO National Polio Laboratory, University of Ibadan, Nigeria. The cells were grown in Eagle's minimum essential medium (MEM; Sigma-Aldrich) supplemented with 10% fetal bovine serum (FBS), 100 units/mL of penicillin, 100 μg/mL of streptomycin, 2 mM L-glutamine, 0.07% NaHCO3, 1% non-essential amino acids and vitamin solution. The cells were incubated at 37 °C throughout the study period. The test medium used for cytotoxic assays and antiviral assays contained only 2% of fetal bovine serum (maintenance medium).
Tissue culture infective dose (TCID)
Virus-induced cytopathic effect (CPE) in RD cell culture was used in determining virus titres, which were expressed as 50% tissue culture infective dose (TCID 50 ) per mL using Sperman-Karber's method. Microtitre plates were used for this assay and the assay was done in Triplicates. Precisely, 100 μL RD cell suspension (1 × 10 6 cells/mL) was seeded into 96-well microtitre plates and incubated for 24 h to form monolayer. Ten-fold serial dilutions of the virus stock was made and 100 μL of each dilution was inoculated into the wells. The cell control wells contained 100 μL RD cell suspension alongside100 μL of medium without any virus. The microtitre plate was sealed and incubated at 37 °C. Daily CPE scoring was done till the cells in the control wells started dying. The TCID 50 values was determined using Spearman-Karber's method.
Cytotoxicity assay
The maximum non-toxic concentration (MNTC) and the 50% cytotoxic concentration (CC 50 ) for each compound was obtained using MTT cytotoxicity assay. Each compound was pre-solubilized in DMSO to give 1 mg/mL stock solution. Ten-fold serial dilutions (1000 to 0.01 μg/mL) of the compounds were made using the maintenance medium. Confluent monolayers of RD cells in each well of a 96-well microplate was treated with the different concentrations of each compound. Plates were incubated at 37 °C for 72 h. Subsequently, plates were observed under the inverted microscope for cytopathic effect (CPE). The old medium was then removed and 25 μL of MTT solution (2 mg/mL) was added to each well and incubated for 2 h at 37 °C. Thereafter, the MTT solution was removed from the wells and DMSO (75 μL) was added. Spectrophotometric (Multiscan 347, MTX lab) measurement of the plates was made at 490 nm to obtain optical density values, and the 50% cytotoxic concentration (CC 50 ) was calculated. The experiment was conducted in triplicate.
Antiviral activity assay
The antiviral effect of the compounds against E7, E13, and E19 was determined pre-infection (prophylactic) using a cell culture-based assay that measures viral cytopathic effect inhibition. The method as previously described 25 was modified and used in this assay. Briefly, RD cells were seeded in a 96-well microplate and incubated for 24 h to grow to confluence. After the incubation period, two-fold serial dilutions, obtained from the MNTC of each compound were added in triplicate into all the wells with the exception of the negative control wells that contained only RD cells and the virus control that contained virus without any compound. After about an hour, 50 μL of 100 TCID 50 virus suspension were added to all the wells except the negative control wells. The plates were incubated at 37 °C in the incubator for 72 h after which the cell viability was measured using the MTT assay as earlier described. The 50% inhibitory concentration (IC 50 ) was estimated from the obtained optical density. No drug control was used in this study, since there are no antiviral drugs approved for the treatment of EV infections.
Data analysis
The CC 50 (50% cytotoxic concentration) and the IC 50 (50% inhibitory concentration) for the compounds were calculated from concentration-effect-curves after linear regression analysis using GraphPad Prism5 and Microsoft Excel. The selectivity index (SI), defined as CC 50 over IC 50 , for each active compound were also determined.
RESULTS AND DISCUSSION
MNTC and CC 50 of compounds
Lupeol exacted the most cytotoxic effect on the RD cells in culture by having the lowest maximum non-toxic concentration (MNTC) of 0.1 μg/mL and CC 50 value of 0.51 μg/mL. Other lupane triterpenoid (Betulinic acid) and anthraquinones (Physcion and Chrysophanol) all had moderate cytotoxic effect on the RD cells with equal MNTC of 10 μg/mL and CC 50 values of 49.50, 39.12, and 14.91 μg/mL, respectively. Results are presented in Table 1 .
Antiviral activities of compounds
E13 was resistant to the CPE inhibitory effect of all the compounds tested except Betulinic acid. Physcion had the highest antiviral activity on the E7 and E19 serotypes with IC 50 values of 0.42 and 0.33 μg/mL, respectively. Physcion also displayed good selectivity, with sufficiently high selective indices of 93.14 and 118.55, respectively on E7 and E19. Triterpenoid, Lupeol displayed low an-tiviral activity against the three serotypes, and particularly no selectivity with SI values less than 1 for the three serotypes. However, Betulinic acid which is also a triterpenoid had the highest antiviral activity on E19 (IC 50 = 0.31 μg/mL) and moderate antiviral activity on E7 and E13 (IC 50 = 4.46 and 4.43 μg/mL, respectively). It also displayed good selectivity (>10) for the three serotypes. The results are presented in Table 1 .
Nigerian ethnobotany has reported Senna siamea Lam (Fabaceae) as a component of remedies used against viral infections in the country 26 . Furthermore, the antiviral activities of various compounds (such as chromones, triterpenoids, and anthraquinones) isolated from the stem of this plant against HIV-1, poliovirus-1 (PV-1) and tobacco mosaic virus (TMV) has been reported 24, 27 . In this study, we confirm these findings and further expand the breadth of EV types against which these compounds have documented antiviral activity.
Physcion which was isolated as yellow crystals from the hexane soluble fraction of Senna siamea stem bark displayed the highest inhibition and good selective indices against E7 and E19 (Table 1) . However, a similar anthraquinone (chrysophanol, Figure 1 ), which had been previously documented 24, 28 to have anti-poliovirus activity, only had moderate inhibitory effect with low selective index on these Echovirus types.
Betulinic acid was the next in the antiviral activity against the three Echovirus types investigated in this study (Table 1) . It is important to note that E19 was significantly more inhibited by betulinic acid in tissue culture than E7 and 13. The pronounced inhibitory effect of betulinic acid on another serotype of echovirus (E6) has been reported 20 . Therefore, the findings of this study appear to support that of Tolstikova and others (2006) .
While betulinic acid showed significant anti-Echovirus activity in this study, it showed weak anti-poliovirus activity in our previous study 24 . As with the anthraquinones, a similar triterpenoid (Lupeol, Figure 1 ), which had been previously documented 24, 28 to strongly inhibit poliovirus-induced CPE, herein exhibited the least antiviral activity with poor selectivity (SI= <1) against E7 and E19 and none against E13 (Table 1) .
Considering, the Echoviruses investigated in this study (Table 1 ) and the PVs investigated in our previous study 24, 28 belong to Species EV-B and EV-C, respectively, the contrasting antiviral activity of the two anthraquinones and triterpenoids appear to be in consonance with the different EV species. This suggests that peculiar biological properties of EVs that follow species demarcations might be responsible for their sensitivity to selected anthraquinones and triterpenoids.
It did not escape our notice that within the Echoviruses (which are all EV-B members) described in this study, differences also exist in their sensitivity to the anthraquinones and triterpenoids. It should be noted that only two of the Echoviruses analysed in this study were sensitive to the anti-Echovirus activity of the anthraquinone Physcion. On the other hand, all three viruses were sensitive to the anti-Echovirus activity of the triterpenoid, Betulinic acid. Furthermore, though the actual values as measured in the assays differ (Table 1) , the degree of anti-Echovirus activity of Physcion seems to be similar for E7 and E19 while that for Betulinic acid seems similar for E7 and E13. Put together, these patterns suggest that the mechanism of action of anti-Echovirus activity of Physcion and Betulinic acid might differ. 
NA-Not active; SI-selective index; IC 50 -50% inhibitory concentration; CC 50 -50% cytotoxic concentration
Considering the design of the assay for antiviral activity, only prophylactic and not therapeutic activity was assayed. Hence, it is either the compounds prevented attachment or entry of the virus into the permissive and susceptible cell line used for this assay, or they induced an antiviral state by targeting a replication stage that is downstream of entry. The fact that E7, E13 and E19 have been documented to all use the same cell surface receptor (Decay-Accelerating Factor [DAF]) for entry into susceptible cells 2, 29, 30 , the differing assay results for the three EVs suggest inhibition might not have occurred at entry. However, if their footprints 31 on the receptor differ or if alternate cell surface receptors 32, 33 exist for one or more of the Echoviruses analysed in this study, then it is possible that the observed phenotype might be due to attachment or entry inhibition.
Physcion has been documented to interact with pathways involved in post -attachment or -entry stages of EV replication like the autophagy pathway 34, 35 . Therefore, considering the reasons mentioned above we are of the opinion that the inhibition of Echovirus (7, 13 and 19) replication observed in this study occurred at a post -attachment or -entry stage. Hence, effort is ongoing to further dissect the molecular basis of these activities in an effort to understand the biological basis of observed variations both within and among EV Species.
In summary, we have reported the antiviral activity of two anthraquinones (physcion and chrysophanol) and two triterpenoids (betulinic acid and lupeol) isolated from the stem bark of Senna siamea against three serotypes of Echovirus (E7, E13, and E19), with physcion exhibiting the most potent antiviral activity.
National Research Council recommended that an ideal poliovirus drug must be one that is also active on other enteroviruses 36 . Therefore, the anthraquinones (physcion and chrysophanol) which were previously reported active on poliovirus could be considered for development into poliovirus therapeutic agents. However, particularly fascinating is the fact that we have found it difficult to find compounds that inhibit E13 replication 37 , Hence the observation that E13 is susceptible to inhibition by Betulinic acid is remarkable and therefore also deserves further investigation.
